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Denote	the	base	parameter	values	as	 ,1 ,2 ,3( , , ).
b b b
m m mu u u 	The	next	step	determines	a	grid	
of	deviation	values	of	the	uncertain	parameters	that	each	model	adds	or	subtracts	
from	the	base	values	of	the	uncertain	parameters.	Denote	these	deviation	values	as	
1,1,1 1,1,2 5,5,5( , ,..., ).
G     	The	 G 	vector	represents	125	=	5	x	5	x	5	deviations	from	
the	modelers’	base	parameter	values.	So,	for	example,	the	vector 1,1,1 	would	
represent	one	of	the	125	grid	vectors	that	takes	the	first	value	for	each	uncertain	
parameter.	Suppose	that	 1,1,1 ( 0.014, .02, 2).     	Then	that	calibration	run	would	
calculate	the	outcomes	for	 ,1 ,2 ,3( , , .014, .02, 2)
m m b b b
m m mY H z u u u    ,	where	again	 ,
b
m ku is	
the	base	value	for	uncertain	parameter	k	for	model	m.	Similarly,	 3,3,3 (0,0,0).  	For	
that	deviation	value,	the	calibration	run	would	calculate	the	outcomes	for	
,1 ,2 ,3( , , , , ),
m m b b b
m m mY H z u u u 	which	is	the	model	baseline	run.	
	 The	third	step	is	to	estimate	surface	response	functions	(SRFs)	for	each	model	
and	variable	outcome.	Symbolically,	these	are	the	following	functions:	
(2)	 	 1 ,1 2 ,2 3 ,3 ,1 ,2 ,3( , , ) ( , , )
m m b b b m
m m m m m mY R u u u u u u R u u u     	
	




for	each	of	our	uncertain	parameters, ( )k kf u .	These	are	developed	on	the	basis	of	
external	information	as	described	below.	
	 The	final	step	is	to	estimate	the	cumulative	distribution	of	the	output	
variables,	 ( ).m mG Y 	These	are	the	distributions	of	the	outcome	variables	 mY 	for	
      9 
model	m,	where	we	note	that	the	distributions	will	differ	by	model.	The	
distributions	are	calculated	by	Monte	Carlo	methods,	for	a	sample	size	of	N:	 	
(3)	 ,1 ,2 ,3
1
( ) 1 if ( , , ) ,  otherwise = 0 /
N
m m m n n n m
m m m
n
G Y H u u u Y N

    	
	 The	notation	here	is	that	 ,
n














































































































































































































































































































































































































































































































































































































































































i i ij i j
i j i
Y u u u  
  
    		
In	this	specification,	  and i ju u 	are	the	uncertain	parameters.	The	Y	are	the	
outcome	variables	for	different	models	and	different	years	(e.g.,	temperature	for	the	
FUND	model	for	2100	in	the	Base	run	for	different	values	of	the	3	uncertain	
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m m m m
i i i i i j i j
i j i
Y u u u  
  




2 2 2 2 2 2 2
,
1 1 1
( ) ( ) ( ) ( ) ( ) ( ) ( )
j
m m
i i i i i j i j
i j i
Y u u u       
  




coefficients	 ,(  and )
m m
i i j  	and	the	parameter	uncertainties	
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MERGE	 10	 2100	 1,2,3,4,5,7	 Ramsey	model	coupled	 (Blanford	























































 DICE      FUND GCAM IGSM MERGE WITCH
CO2 emissions, 2100 (billions tons CO2)
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